Abstract-Energization current is a fundamental consideration in designing of distribution substation earth grid. Arbitrary choice of energization current in earth grid design process may lead to technical and economic implications resulting in underestimated or overestimated designs. In this paper, a distribution substation earth grid was designed using SESCAD and executed in MALT module of CDEGS. The energization current was varied by 100, 75, 50 and 25% of the short circuit current available at the secondary terminals of the upstream transformer to determine the impact on safety criteria of the earth grid. Results indicated that, the EPR for 100% fault current was higher, whereas the step and touch voltages were lower. Also, compared to the other cases of short circuit currents, there was no difference in step and touch voltages when the energization currents were varied at 75, 50 and 25%.
I. INTRODUCTION
Earthing in any substation is essential to ensure safety of human and animal life, to protect equipment against damage by over voltage and to ensure a reliable power system operation. It consists of a complete set of measures used to establish an electrically conductive path to earth and is mandatory in all electrical power networks both at high and low voltage levels. Effective earthing systems in a substation is required to limit touch and step voltages to safe values, enable efficient operation of protective devices, and to ensure good power quality and electromagnetic compatibility are maintained [1] . Considering these safety concerns, the primary objective of a substation earthing is to, provide a means to disperse electric current into the soil under both normal and fault conditions without exceeding any operating and equipment limits, or adversely affecting continuity of service, limit the earth potential rise (EPR) of the substation earth grid to an acceptable value for any possible fault condition, limit the resulting step, touch, and transfer potentials in and around the substation to an acceptable value, ensure that a person in 978-1-4799-7297 -5/14/$31.00 ©2014 IEEE 201
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College of Engineering, Universiti Tenaga Nasional 43000 Kajang, Selangor, Malaysia the vicinity of grounded facilities is not exposed to the danger of critical electric shock and minimize the surface potentials which is approximately proportional to the EPR and both are determined by the current flow from the earth grid to the surrounding soil [2] . The earth grid must also be designed and installed to withstand corrosion and mechanical stress during the entire lifetime of the installation, and be able to withstand the expected thermal stress from fault currents [3] .
The major challenge encountered by power system engineers during substation earth grid design is the arbitrary choice of split factor which has significant technical and cost
implications. An overstated fault current can result in an uneconomical substation earth grid design. It is therefore very important to know the maximum current that will flow to earth through the grid for various possible earth-fault locations. For instance, in the event of a low frequency power system fault such as phase to earth, phase to phase or three phases to earth, the total fault current assumed to flow through the substation earth grid may be typically larger than the current discharged into the soil. However, part of the fault current will return to remote sources and local transformer neutral through the shield wires of transmission lines, neutral and shields of distribution feeders and conductors of the earth grid. Only the current discharged into the soil through the earth grid would affect the EPR. Therefore, accurate choice of split factor is very important for the design and performance of a substation earth grid [4] [5] .
Another issue related to the choice of split factor is the configuration of the distribution system. In the event of an earth fault occurring on an overhead distribution network with earthed neutral, the fault current returns to the earthed neutral through tower structures and footing, earth return paths and earth wires, thus flowing through multiple parallel paths [6] .
These parallel paths will cause the fault current to be divided into multiple paths to complete the return path to the source.
In such cases, the calculated level of fault current may well be considerably greater than the actual current that will flow through the earth grid. Ignoring the parallel paths and only considering these high fault current levels could result in an over design of the substation earth grid [4] . Conversely, if an earth fault occurs along a distribution substation fed by a cable line, a very large percentage of the fault current (up to 95% for cable line consisting of three single core cables) will returns via the cable sheaths due to their strong inductive coupling with the phase conductors [7] . Obviously, it is clear that there is variation in the magnitude of fault current returning to the substation earth grid considering the two configurations.
Hence, the choice of a similar split factor for the two systems may lead to an error in design. were arranged in a straight line as recommended in [8] . The soil resistivity field data was used to determine the soil model using RESAP module of CDEGS software, while the earth grid was designed using SESCAD and executed in MALT.
CDEGS
The earth grid resistance Rg and area occupied by the grid was initially estimated using equation (1) where a dimension of 9mx9m yielded a value of Rg < 50 as recommended in [9] .
The grid was made of four parallel horizontal rows and columns of copper conductors occupying an area of 81m 2 • The value of the short circuit current available at the secondary terminals of the upstream transformer was calculated from equations (2) and (3) and found to be 7.873kA which is assumed to flow when a bolted three phase fault occurs between the upstream and downstream substations. Initially, an energization current of 7873A representing 100% of the fault current was assumed to flow into the earth grid. The grid was redesigned using the same dimension each time and successively energized with 75%, 50% and 25% of the fault current flowing into the grid, while the complimentary percentages of the fault current were assumed to return to the source [10] . A fault clearing time of 0.3s which is considered the minimum time threshold that would trigger ventricular fibrillation was used. The substation safety criteria were studied under three scenarios for each value of the fault current. The cases were no surface layer material, with surface layer material of resistivity 30000-m, and with surface layer material of resistivity 50000-m.
Rg is the grid resistance in 0, p is the soil resistivity in O-m,
A is the area occupied by the grid in m 2 .
h is the full load current in Amps, P is the power rating of the transformer in MV A, VL is the line voltage in kV.
lse is the short circuit current in Amps, h is the transformer full load current in Amps, and % Z is the percentage impedance of the transformer. Table 1 lists the measured apparent soil resistivity field data indicating apparent resistance and resistivity values which are average values of five measurements conducted for each probe spacing. The field data was used as input to the RESAP module to determine the soil model shown in Table 2 . Table 2 would be buried in the bottom layer to take advantage of the lower soil resistivity, and also, the infinite thickness of the layer provides ample chance of installing vertical earth rods to reach moisture levels. The recommended burial depth of earth grids is in the range of O.S to l.Sm depending on the soil conditions [10] . Note that, in the work presented here, the earth grid was buried at a depth of 1 m in the bottom soil layer. 
III. RESULTS AND DISCUSSIONS
Fig 3b
Step voltage profile for 75% fault 
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Fig 4b
Step voltage profile for 50% fault 
Fig 5b Step voltage profile for 25% fault current 204 i.e. 3.1 l8kV was obtained when 25% of fault current was injected into the grid. It could also be observed from Table 3 that the magnitude of touch voltage was the same for different percentages of fault current injected considering a fault clearing time of 0.3s. In the same vein, the values of the step voltages were similar for all the cases of different fault currents injected. Table 4 presents the safety criteria for earth grid designed using surface layer material of resistivity 3000Q-m. It could be seen that from the results that the magnitude of touch voltage is similar for the different percentages of the fault currents injected into the grid but are higher than the values of touch and step voltages in Table 3 , this is due to the contribution of Cs in equation (3) . Similarly, Table 5 lists the safety criteria for earth grid installed using surface layer material of resistivity 5000Q-m. The magnitudes of the touch and step voltages were found to be similar despite the different percentages of the fault current injected into the grid. The magnitudes of touch and step voltages are again higher than those in Tables 3 and 4 
IV. CONCLUSION
The impact of various energization current on the safe design of distribution substation earth grid has been presented by considering three scenarios, without surface layer material, with surface layer material of resistivity 3000Q-m, and with surface layer material of resistivity 5000Q-m. It was discovered that the EPR as a result of 100% fault current was the highest as expected, followed by 75%, 50% and 25%. It was further revealed that the touch and step voltages were lower for the case earth grid without surface layer material, but which does not provide additional safety to personnel due to the absence of surface layer material which would have contributed by adding to the overall body resistance. It was also found that the touch and step voltages for each of the three scenarios were similar irrespective of the percentage of the fault current injected into the grid. Therefore, it could be concluded from this paper that, in a low resistivity soil, a split factor of 75% is appropriate to be chosen for the design of a substation earth grid without fear of error of underestimation or overestimation as the safety criteria are similar, also considering the fact that, in practice, fault current splits through multiple paths depending on the resistance.
